In this issue, Meloche et al. (7) report on the role of miR-223 in experimental PH. The authors first demonstrate that miR-223 expression is decreased in lung tissue, distal pulmonary arteries, and PASMC isolated from PAH patients. This nicely demonstrates that miR-223 also is relevant to the human disease even though much of the work in their study is done in experimental PH. miR-223, which is remarkably conserved across species, is a modulator of hematopoietic lineage differentiation and has been identified as a biomarker and therapeutic target in cancer and inflammation (9) . In the cancer literature, PARP-1 has been shown to be a target of miR-223, and the report from the Bonnet group provides evidence that downregulation of miR-223 results in increased PARP-1 expression in PASMC from PAH patients (7) . In PAH patients, hypoxiainducible factor 1␣ (HIF-1␣) is stabilized even under normoxic conditions, and HIF-1 is known to regulate several miRNAs (7) . The Bonnet group now shows that miR-223 expression is repressed by HIF-1 and that loss of miR-223 promotes in-creased proliferation and decreased apoptosis in control cells. To evaluate miR-223 as a potential therapeutic target, the authors apply synthetic miR-223 molecules via intratracheal nebulization to rats with monocrotaline-induced PH. Reestablishment of miR-223 increases cardiac output, decreases vascular remodeling, and improves survival, suggesting that it may have a potential therapeutic role (7) .
In addition to identifying the role of miR-223, the authors' study highlights the role of DNA damage and PARP-1 activation in PH. The central dogma of poly(ADP-ribosyl)ation has been that DNA damage activates PARP-1, which facilitates DNA damage repair. However, several key discoveries have identified new biological roles for PARP-1 (2). We now know that PARP-1 can be activated by DNA damage-independent mechanisms, including phosphorylation, and that PARP-1 plays a role in activation of pro-proliferation signaling pathways (NF-B, NFAT, HIF-1␣) and expression of inflammatory cytokines (2) . Previous work from the Bonnet group demonstrated that distal pulmonary arteries and PASMC from patients with PAH have increased DNA damage and increased expression of PARP-1. Indeed, a recent study by Federici and colleagues (5) indicates that baseline levels of DNA damage are intrinsically higher in cells from PAH patients as well as in cells from their unaffected relatives, suggesting that DNA damage may be a genetically determined trait that occurs prior to disease onset. Reactive oxygen species (ROS) have been shown to lead to activation of PARP-1, and the increased DNA damage seen in PAH patients is associated with increased oxidative stress (Fig. 1) (5) . Increases in ROS contribute to the stabilization of HIF-1␣ and HIF-2␣, and this provides a possible explanation for the normoxic stabilization of HIF-1␣ seen in PAH patients. HIF-1 inhibits expression of miR-223 (7), while HIF-2 enhances expression of miR-130/301 (1) . Recent studies have demonstrated that DNA damage can alter the expression profile of miRNAs and that miRNAs are involved in the DNA damage response (reviewed in ref. 10 ). This suggests that DNA damage may be responsible for the altered expression of miR-130/301 and miR-223 seen in PAH patients. The increase in ROS and PARP-1 together activate signaling pathways that promote proliferation and so contribute to the development of PH. The current study by the Bonnet group highlights the role of miR-223 and PARP-1 in PH. Further studies are needed to completely understand the complex relationships among ROS, PARP-1, and miRNAs in order to identify potential biomarkers or therapeutic targets for the treatment of PH.
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